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Abstract
The purpose of this pilot study was to assess the effect of thermomechanical massage on human
immune cell function. Immunological studies were performed on 10 healthy volunteers (average
age: 24 years). Subjects were asked to lie on a thermomechanical massage device (TMD), for 20
minutes, twice a week, for a total of 8 weeks. Blood samples were collected before entry into the
study and at the beginning of the 16th session. Peripheral blood mononuclear cells were isolated and
were evaluated for immunophenotypic characteristics as well as for the functional parameters of Tlymphocytes (T cells) and natural killer (NK) cells. T cell proliferation was assessed by 3Hthymidine incorporation assay. NK cell mediated cytotoxicity was determined by a non-radioactive
cytotoxicity assay kit using flow cytometry. Immunophenotyping of the peripheral blood
lymphocytes showed increased percentages of T cells (CD3+), T cell subsets (CD4+ and CD8+),
and NK cells (CD16+CD56+). Functional analysis revealed a significant increase in T cell
proliferative response to PHA, a polyclonal T cell mitogen, and a significant increase in NK cell
cytotoxicity following the use of TMD. We conclude that use of TMD twice a week may modulate
immune function and may be beneficial in subjects with impaired immune function, such as aging
individuals and HIV patients.

Introduction
A considerable number of people in the United States and across the world use “complementary and
alternative medicine” (CAM) for prevention and treatment of different health ailments ( 1 , 2 , 3 ). In
1997, visits to chiropractors, massage therapists, and acupuncturists combined represented 55% of all
visits to CAM practitioners ( 6 ). Surveys of the U.S. population indicate that 3% to 16% of adults
receive chiropractic manipulation, while between 2% and 14% receive massage therapy ( 1 , 4 , 5 ) .
People reported using these therapies for a variety of conditions, including relief of stress, pain,
neurological problems, and inflammatory conditions( 7 ).
Stimulation of acupuncture points either through massage, insertion of needles or via heat
(moxibustion) are shown to induce many physiological effects, e.g. relaxation of skeletal muscle ( 8 , 9
) increase in peripheral blood lymphocytes and lymph circulation ( 10 , 11 , 12 , 13 ), reduction of anxiety
( 14 , 15 ), and activation of the autonomic nervous system ( 16 , 17 , 18 , 19 ). In addition, an alteration in
the number and function of lymphocytes, NK cells, and phagocytic cells have been reported posttreatment with acupuncture ( 20 , 21 ) and therapeutic massage ( 22 - 23 ). Accumulating evidence
suggests that the autonomic nervous system is involved in regulating the levels of immune cells within
the circulation, their activity, and the subsequent magnitude of a cellular response ( 24 , 25 ). Other
studies using new imaging modalities, such as functional MRI and PET scans, have revealed a direct
effect of acupuncture points on the function of different brain centers ( 26 , 27 ).
During the last few years, the thermomechanical massage device (TMD) was introduced to the US
market. This device combines the principles of acupressure, moxibustion, and manipulation (Shiatsu of
Japan, Chuna of Korea and chiropractic). Preliminary studies indicate that musculoskeletal,
gastrointestinal and nervous system problems were the most common conditions for which TMD was
used and improvements were reported in 91% of the cases ( 28 ). In another study, a statistically
significant drop in systolic and diastolic blood pressure were noted in 35 hypertensive subjects

following use of TMD, and a similar drop in fasting and 2hour post-prandial blood sugar were also
reported ( 7 )
A new generation of TMD provides electronic heating with Helium-Jade stones which provides for a
continual massage of muscle groups to enhance the blood circulation. Another new addition to the
device is the infrared rays that penetrate the surface of the body so that the mechanical massage probes
stimulate the autonomic nervous system and dilate capillary blood vessels of the neck, thorax, lumbar
spine, and sacral region. Furthermore, the TMD also has an external 15-way jade massage probe that
stimulates the surface of the abdomen and pelvis, resulting in increased blood flow to those areas.
Currently, little is known about the effect of TMD on the function of the immune system. In the present
pilot study, we examined the effect of using TMD on the immune system of healthy young adults.

Methods
This pilot study is a pre-post study design, with blood samples to assess changes in cellular immunity
following participants' use of TMD. The study was approved by the Institutional Review Board at the
University of California, Irvine (UCI).The TMD used in this study is an FDA approved mechanical
massage bed (Migun Hy 7000, Migun Company, Los Angeles, CA). TMDs are known to apply both
heat and mechanical massage to selected portions of a user's anatomy. Migun 7000 provides full
thermal massage treatment from head to toe. The thermal acupressure bed also is a far infrared heating
device and the infrared lamps included in the product provide topical heating. A detailed description of
the device and its design are given at the manufacturer's website (Migun.com). Briefly, the HY 7000
bed consists of an internal projector with heated jade rollers and external 15 way jade massage heads.
The thermal massage treatment uses helium to produce heat and uses jade massage heads to create
pressure. The internal heated massage heads move slowly along the spine and contour of the body from
neck to the sacral region and from the posterior compartment of the ankle to the hips. The external
heated massage heads are designed to deliver the infrared heat to other areas of the body. According to
the manufacturers, the device was designed based on acupuncture theory originating in China more
than 2,500 years ago.
Ten healthy adult volunteers were recruited from the general UCI population through local
advertisement. Five male and five female volunteers, average age of 24 years, met the inclusion
criteria. Subjects were asked to participate in 2 sessions each week for 2 months (total of 16 sessions).
Each session started at 8:30 A.M. and the subjects rested for about 30 minutes and at 9 A.M they started
the massage session . The massage session consisted of lying on the TMD for approximately 20
minutes. Thermal massage was administered as per the instruction of manufacturer.
Vital signs, weight, and a brief medical history were obtained prior to each session by the General
Clinical Research Center (GCRC, University of California, Irvine, CA) nursing staff at UCI. Blood
samples were collected from each participant twice, prior to the first session and at the completion of
the study (2 months). . Blood samples collected at 2 months were used to evaluate the possible effect of
the TMD on the immune system and results were compared with the initial blood sample (time 0) that
was used as a baseline control. Because leukocytes have circadian rhythms (reference), we obtained
blood samples at the same time from each donor. Both the initial and post treatment blood samples
were drawn prior to massage session i.e. 9 AM.
Blood samples were analyzed to evaluate the proportions and absolute number of T cell subsets (CD3+,
CD4+ and CD8+), NK (CD16+ CD56+) cells, and T cell and NK cell functions. All tests were
performed using freshly drawn blood. The following tests were used for this study:
The percentage of lymphocytes and absolute number of cells determined by flow cytometry: A direct

two-color flow cytometry was performed on whole peripheral blood using the following reagents:
fluorescein (FITC)-conjugated pan T cell marker CD3, phycoerythrin (PE)-conjugated anti-CD4
(Helper T cell marker),anti-CD8 (cytotoxic T cell marker), or anti-CD16+ 56+ (NK cell marker), and
FITC-mIgG with PE-mIgG (isotypic controls) (all reagents from Becton- Dickinson Biosciences, San
Jose CA). In addition, a cocktail combination of antibodies directed to CD4 (PE) or CD8 (PE), and
FITC CD69 or CD25 (activation markers) were used. Antibodies (20 µl) were incubated with 100 µl of
whole blood according to manufacturer's instructions. The red cells were lysed and the lymphocytes
were fixed with 1% paraformaldehyde solution. Flow cytometry analysis was performed using
FACScan. Single and dual color analyses were evaluated on lymphocytes bit-mapped by forward and
side scatter. Data were analyzed with Simulset Software (Becton Dickenson, San Jose, CA). The
percentage of lymphocytes and the absolute numbers of cells were determined.
Isolation of lymphocytes: For functional analysis, peripheral blood mononuclear cells (MNCs) were
isolated by Ficoll-Hypaque density gradient centrifugation of blood from study participants. MNCs
were washed twice with Hanks Balance salt solution (HBSS)and re-suspended in serum-free AIM V
medium (GIBCO, Long Island, NY).
Determination of T cell function: In this study we examined the effect of TMD on the proliferative
response of T cells to the polyclonal mitogen phytohemagglutinin (PHA, a T cell mitogen) by the 3 Hthymidine incorporation assay. Briefly, MNCs (2 x 10 5 /well) were cultured in triplicate, in round
bottom tissue culture plates at 37 0 C, in the presence or absence of PHA (10 µg/ml), for 3 days.
Twenty-four hours prior to termination of culture, 1 µCi of 3 H-thymidine was added to each well.
Cultures were harvested and 3 H-thymidine incorporation into DNA was determined by a scintillation
spectrometer.
Determination of NK cell function: NK cell mediated cytotoxicity was determined by a non-radioactive
cytotoxicity assay kit (ACT1, Cell Technology Inc., Mountain View, CA), using flow cytometry
according to the manufacturer's instructions. Briefly, human erythroleukemic tumor cells, K562, were
used as target cells (1 x 10 4 cells) were labeled with the cell tracking dye CFSE (laser emission, FL1)
and were then cultured with peripheral blood mononuclear cells (2.5 x 10 5 cells) at an effector:target
ratio of 1:25. After a 6 hour incubation at 37°C, live dead stain 7AAD or propidium iodide (PI, Laser
emission FL3 channel) was added to measure cell death. 7AAD and PI only enter membranecompromised cells and bind to DNA and thus stain dead cells. For each sample, data from 10,000 cells
were collected by FACScan flow cytometer and analyzed. During analysis an electronic gate was
placed on CFSE-labeled target cells and dead (7AAD or PI positive cells) were determined.
Statistical Analysis: Data are reported as means ± S.D. Mean differences between pre- and posttreatment values were analyzed with paired t test. Values of P < 0.05 (two-tailed) were considered
significant.

Results
White blood cell (WBC) count: Measurement of WBC count was performed before the beginning of the
study and at 2 months. Table 1 represents a compilation of the mean values for several hematological
parameters of the peripheral blood from the study subjects before and after TMD therapy. Comparisons
of pre- to post-peripheral WBC count measures revealed no significant change in the total number of
WBCs or neutrophil counts. However, there was a small, insignificant decrease in lymphocyte counts.
On the other hand, monocyte counts were decreased significantly post massage treatment (P< 0.015).

Table 1: Leukocyte and differential counts Before and after Migun Massage Device

Peripheral immunophenotype of T-lymphocyte subpopulations:
Cytofluorographic analysis for the evaluation of T cell subset populations revealed that TMD therapy
significantly increased the proportion of total T cells (CD3+ cells), and T cell subsets, CD4+ and CD8+
T cells (Figure 1). However, TMD treatment caused an insignificant difference in the absolute numbers
of CD3+, CD4+ and CD8+ T cells (Figure 2)and the CD4:CD8 ratio (1.34 ± 0.45 vs. 1.25 ± 0.46,
P>0.07).
Figure 1: Change in Peripheral Relative Proportions of T-Lymphocytes, after TMD in Normal
Subjects. Peripheral blood was stained with FITC labeled anti-CD3 and PE labeled anti-CD4 or
CD8 and the proportion of T cell subsets was determined by dual color flow cytometry. The
results represent mean ± SD, N = 10. Asterisks indicate significant changes relative to the pre
TMD (before) values(paired Student't test): CD3 *P<0.003, CD4 *P<0.029 and CD8 **P<0.006.

Figure 2: Changes in absolute number of Peripheral CD3+ (total T cells) CD4+ (Helper) and
CD8+ (cytotoxic T cells) and CD4:CD8 Ratio, after TMD. Data represent mean ± SD, N = 10. The
observed changes are not statistically significant ( paired student t test). P values are, CD3
P≥0.26., CD4 P ≥0.3., CD8 P≥0.08., CD4/CD8 p ≥0.07.

Peripheral T cell function
In order to evaluate the effect of TMD on T cell function, we tested T cell proliferation in a classical
mitogen assay employing the T cell-specific mitogen PHA (Figure 3). There was a statistically
significant increase (P≤0.04) in the proliferative response of lymphocytes derived from the subjects
subsequent to massage as compared to their baseline values.
Figure 3: Effect of TMD on T cell function: Peripheral blood mononuclear cells were stimulated
with PHA (10µg/ml). Proliferation was determined by measuring 3 H thymidine incorporation
into DNA. Data are shown with mean ± SD, N = 9. *p < 0.04 as compared with proliferative
response of MNC obtained prior to massage ( paired student t test).

Expression of Activation Marker, CD25: CD25 is the receptor for interleukin 2 and is up-regulated on
activated T cells. To determine whether the observed increase in T cell proliferation is associated with
an increased expression of CD25, we examined the proportion of T cells expressing CD25 by flow
cytometry. The results show that long-term TMD therapy led to an increase in the proportion of CD4+
and CD8+ T cells which expressed CD25 (Figure 4).
Figure 4: Effect of TMD on IL-2 receptor expression on CD4+ and CD8+ T cells. IL-2 receptor
expression was determined by staining the cells with FITC labeled antibody to IL-2 receptor and
PE labeled anti- CD4 or CD8 antibody and FACscan flow cytometer. Data are shown with mean
± SD. N= 10. Asterisks indicate significant changes relative to the pre TMD (before) values(paired
Student't test): CD4 *P<0.023, and CD8 **P<0.025.

NK cell number and Function: The proportion and absolute number of NK cells and NK cell function
was determined by flow cytometry (Figure 5).
Figure 5: Changes in Relative Proportions, number and Functions of NK cells, after TMD in
Normal Subjects. Peripheral blood was stained with FITC labeled anti-CD3 and PE labeled antiCD16 and CD56 and the proportion of NK cells (CD16+CD56+) cells was determined by dual
color flow cytometry. NK cell function was determined by incubating Peripheral blood
lymphocytes (effector cells) with K562 (Target) cells at an effector target ratio of 25:1 for 4 hr.
Target cell death was determined by FACScan flow cytometer. Asterisks indicate significant
changes relative to the pre TMD (before) values (paired Student't test): % NK ( CD16+ CD56+)
*P<0.046, % Cytotoxicity **P<0.0036.

TMD treatment resulted in significantly increased relative proportions of CD16+ CD56+ NK cells from
8.3 ± 4.9% to 13.6 ± 7.9% (P = 0.05). Therapy also increased the absolute number of NK cells from
150.5 (±94.8) to 241 (±177), though statistical significance was not reached (P=0.07). With respect to
NK function, a significant difference in the functional ability of NK cells to kill tumor target cells was
found after TMD therapy. The percent lysis before and after therapy were 9.4% (±3.5) and 14.5% (±
4.4), respectively (P= 0.001), representing a 35% increase.

Discussion
The results presented here indicate that use of the thermomechanical massage device (TMD) enhances
T and NK cell-mediated immune functions in healthy young adult subjects, and it may provide a
complementary means to boosting the immune system.
The therapeutic effects of acupuncture on WBC proportion and function have been studied in healthy
subjects and in patients with immune disorders and cancer. These include a decrease in lymphocyte
values in healthy subjects ( 10 ), an increase in the relative percentage of total T-cell population (CD3+)
and CD4+ T-lymphocyte subpopulation( 29 , 30 ) and increased blastogenic response to PHA. Longterm massage therapy has been reported to cause an increase in the number of T cells and NK cells and
their functions in both cancer patients and patients with HIV disease ( 22 , 23 30 , 32 ). An increase in
NK proportion and function has also been reported by other devices such as acupuncture (30,37,38),
moxibustion ( 29 ), and massage therapy ( 22 , 23 , 31 , 32 , 39 ).
NK cells are a major component of the innate immune system that have the ability kill tumor cells ( 33 ,
34 ) and cells infected with viruses ( 35 , 36 ). T lymphocytes are a major component of adaptive
immune system and they play an important regulatory role in the generation and termination of the
immune response. Our results showed that use of TMD caused a significant increase in the proportion
of CD4+ and CD8+ T cells expressing CD25 and in the proportion NK cells. In this study, we found no
increase in the absolute number of T cells and NK cells following thermal mechanical massage therapy,
despite an increase in the proportions of these cells in peripheral blood. This may be due to a decrease,
although not significant, in the absolute number of lymphocytes following thermal mechanical
massage.
Two mechanisms can be proposed for the increase in T cell and NK cell function following thermal
mechanical massage. First, it is possible that the observed increase in proportion of T lymphocytes and
NK cells following TMD may, in part, account for the enhancement in T cell proliferation and
increased NK cytotoxic function. However, it should be mentioned that T and NK cell functional
activity is regulated by expression of activating and/or inhibitory receptors ( 40 , 41 ). Therefore, a
decrease or increase in cell number in PBMCs may not necessarily result in a decrease or increase in T
and NK cell activity, but rather may be due to absence of negative signaling. In this context,
monocytes/macrophages are shown to provide negative signaling to T cells and NK cells ( 42 ,42, 43 , 44
, 45 ). The finding that the proportion of monocytes decreased following TMD supports the view that
decreased negative signaling might have contributed to increased T and NK cell function. Alternatively,
TMD might affect the state of activation of T and NK cells. In support of this hypothesis, we found that
the proportion of T-cells expressing the CD25 cell surface marker (activated cells) changed as a result
of thermal mechanical massage. The observed increase in the T cell and NK proprtions and decreased
monocyte proportion may have been the result of catecholamines and neurotransmitters stimulating the
release of lymphocytes into the circulation and sequestering monocytes.
The mechanism(s) by which TMD alters the proportion of different cell populations is not known, but
could be mediated through the autonomic nervous system (ANS) and the central nervous system
(CNS). Recent studies revealed that stimulation of acupuncture points either through massage, insertion
of needles or heat induce activation of the ANS ( 16 , 17 , 18 , 19 ) In addition, other studies using new
imaging modalities, such as functional MRI and PET scans, have revealed a direct effect of
acupuncture points on the function of different brain centers( 26 , 27 ). It is now well recognized that the
immune system is modulated by the ANS ( 24 , 25 ) via a structural link between the ANS and the
immune system. This link was uncovered through several studies that demonstrated ANS innervation of

the lymphoid tissues ( 45 , 46 , 47 , 48 ) and observed unmyelinated nerves adjacent to lymphocytes in
mammalian lymphoid tissues ( 49 , 50 ). Numerous studies have also demonstrated that the immune
system is modulated by the central nervous system ( 51 , 52 ). In addition, neurotransmitters (including
neuropeptides) may directly modulate lymphocyte differentiation, as is suggested by the presence of
special receptors for most neurotransmitters on the surfaces of lymphocytes ( 24 , 25 , 53 ). Further
studies are needed to elucidate whether TMD activates the ANS and/ or CNS.

Conclusion
We conclude that TMD treatment may have immuno-stimulatory effects. Although the results are based
on a small number of subjects, the findings are encouraging and additional studies are needed on a
larger scale. These preliminary findings have potential importance in validating and expanding the
therapeutic uses of massage, since they suggest that massage may have health benefits beyond and
unrelated to its stress-reduction potential. They need to be replicated, however, because of the small
sample size and lack of a control group. Additionally, it would be important to clearly distinguish
cumulative effects from those from a single treatment and to demonstrate long-term effects, if any, on
immunity and subsequent health status.
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